Abstract-The present work joins in a scientific context which returns within the framework of the modelling and of the mathematical and IT analysis of models in dynamics of populations. In particular, it deals with the application of the mathematics and with the computing in the management of fisheries. In this work, we define a bio-economic model in the case of two marine species whose natural growth is modeled by a logistic law. These two marine species are exploited by two fishermen. The objective of the work is to find the fishing effort that maximizes the profit of each fisherman by using Nash equilibrium and taking into account constraints related to the conservation of biodiversity.
I. INTRODUCTION
There exist very many elaborate mathematical models according to various parameters, and make it possible to make projections on the evolution of the fisheries and stocks of the marine species [1] - [4] .
The models can then be categorized in two parts, those purely biological which do not take into account the economic interests, and those bioeconomic which integrate the output and the benefit of the fishermen [5] - [11] .
In this work, we propose a model of two fishermen acting in an area containing two marine fish species. The evolution of fish populations is described by a density-dependent model, taking into account the competition between fishers (see the model of Verhulst [12] ). More specifically, the bio-economic model consists of three parts: A biological part that links catch to biomass stock, a part of exploitation that links catch to fishing effort at equilibrium and an economic part that links effort fishing for profit.
The objective of each fisherman is to maximize his income without consulting the other by respecting two constraints: the first is the sustainable management of resources; the second is the preservation of biodiversity. With all these considerations, our problem leads to Nash equilibrium problem, to solve this problem, we transform it into a linear complementarity problem.
This work is organized as follows. In Section 1, we present a Mathematical study of the bioeconomic model of one marine species caught by one or two fishermen. Seeking to find the fishing effort that maximizes the profit of each fisherman taking into account constraints related to the conservation of biodiversity. In Section II we define the mathematical model of two marine species exploited by two fishermen. In Section III, we compute the Nash equilibrium point. In Section IV, we give a numerical simulation of the mathematical model and the discussion of the results. Finally, we conclude with a conclusion.
II. BIOECONOMIC MODEL FOR ONE MARINE SPECIES
In this section we consider the simple case of one marine species.
The interest lies in the study of a bioeconomic problem of a one marine specie exploited by one fisherman, which is characterized and presented by the equation
where r is the intrinsic growth rate, K is the carrying capacity, E is the fishing effort to exploit the one marine species by the fisherman and q is the catchability coefficient of marine species.
Our goal is to calculate the effort E that maximize the fisherman's profit E pH cE (2) where p is the price of the fish population and pH pqEX is the total revenue.
At equilibrium we will have The interest in the second part of this section concerns the study of a bioeconomic problem of one species exploited by two fishermen following the equation 
III. BIOECONOMIC MODEL FOR TWO MARINE SPECIES
There are many mathematical models developed according to different parameters and allow to make projections on the evolution of the fishery and the stocks of the marine species.
The models can then be categorized into two parts, purely biological ones that do not take economic interests into account, and bioeconomic ones that integrate the returns and returns of fishermen.
A. Biological Model
The biological factors that play a role in the dynamics of these populations are none other than the rates of growth of this population which includes birth and death as well as individual movements.
According to the Malthus population dynamics model (see G. F. Gause [13] ):
where i r is the stock growth rate for
K is the system load capacity for 
B. Equilibrium Analysis
The steady state solutions are the solutions of the equations 
This system of equations has eight solutions 1 (0, 0), 
The variational matrix of the system (4) is (4) PK is unstable. (4) 
Then, the point
P X X is stable. 
C. Bioeconomic Model
The model for the evolution of fish population becomes 
(1 ) are the fishing effort to exploit a species j . The catchability coefficient q is a key parameter in the validation process of fishing simulation model (see [14] ). In this paper this parameter is assumed to be constant.
The fishing effort is defined as the product of a fishing activity and a fishing power. The fishing effort deployed by a fleet is the sum of these products over all fishing units in the fleet. The fishing activity is in units of time. The fishing power is the ability of a fishing unit to catch fish and is a complex function depending on vessel, gear and crew. However, since measures of fishing power may not be available, activity (such as hours or days fished) has often been used as a substitute for effort.
It is interesting to note that according to the literature, the effort depends on several variables, namely for example: Number of hours spent fishing; search time; number of hours since the last fishing; number of days spent fishing; number of operations; number of sorties flown; ship, technology, fishing gear, crew, etc. However, in this paper, the effort is treated as a unidimensional variable which includes a combination of all these factors. Now we give the expression of biomass as a function of fishing effort.
The biomasses at biological equilibrium are the solutions of the system 
(1 )
The solutions of this system are given by We shall assume, in keeping with many standard fisheries models (e.g., the model of Clark [1] and Gordon [5] 
As we have mentioned previously, the biological model is meaningful only insofar as the biomass of all the marine species are strictly positive (conservation of the biodiversity), then we have 
IV. NASH EQUILIBRIUM
In this section, we restrict our self to the case when we have only two fishermen. For this case we can solve analytically the problem and give the solutions in explicit form.
Each fisherman trying to maximize his profit and achieve a fishing effort that is an optimal response to the effort of the other fishermen. We have a generalized Nash equilibrium where each fisherman's strategy is optimal taking into consideration the strategies of all other fishermen. A Nash Equilibrium exists when there is no unilateral profitable deviation from any of the fishermen involved. In other words, no fisherman would take a different action as long as every other fisherman remains the same. This problem can be translated into the following two mathematical problems:
The first fisherman must solve problem  P 1  : To maintain the biodiversity of species, it is natural to assume that all biomasses remain strictly positive, that is Proof: See [15] - [18] . Therefore the linear complementarity problem 
where 1 A is the inverse of A , this matrix is given by We'll see how changes in the price or the number of fishermen can affect the effort of catch, the level of captures and the profits of fishermen. As a first result we have (Table  I) : an increase in price leads to an increase in fishing effort and an increase in catch levels. Now we will see the influence of the number of fishermen on the catch levels and on the profit (see Table II) ; to do so, we consider three situations:
In the first one we consider only one fisherman who catches the two marine species, to maximize the profit of this fisherman constrained by the conservation of the biodiversity of the two marine species, he must catch 569, 92 , in this case his profit is equal to 7260, 31 . In the second one we consider two fishermen who catch the two marine species, to maximize the profit, each fisherman must catch 506, 35 , in this case the profit of each fisherman is equal to 3226, 80 , this situation reduces the catch of each fisherman by 88, 85% and reduces the profit of each fisherman by 44, 44% . In the third situation we consider ten fishermen who catch the two marine species, to maximize the profit, each fisherman must catch 188, 24 , in this case the profit of each fisherman is equal to 240, 01 , this situation reduces the catch of each fisherman by 33, 03% and reduces the profit of each fisherman by 3, 31% .
So the three situations show that, when the number of fishermen is increasing, the catch and the profit of each fisherman are decreasing. On the contrary, since the number of fishermen is increasing, the total catch is increasing, but the total profit is decreasing.
Now we see that an increase in fishermen number leads to an increase in the total fishing effort and reduced the total profit as shown in Table III . 
VI. CONCLUSION
We have calculated the fishing effort that maximizes the profit of each fisherman at biological equilibrium by using the Nash equilibrium problem. The existence of the steady states and its stability are studied using eigenvalue analysis. Finally, some numerical examples are given to illustrate the results.
In this work, we have considered that the prices of fish species are constants, we consider in a future work to define functions of providing long term, where price is no longer a constant but depends on the level of effort and biomass stock of each species remaining.
